
ArticleiScience
CsPbBr3 perovskite nanoplatelets capped with
inorganic ligands for stable deep blue emission

Graphical abstract

Highlights

• CsPbBr3 nanoplatelets have been synthesized successfully

by LARP method

• The mechanism of inorganic ligand has been explained

• The as-synthesized samples were used as blue source for

the LED device

Authors

Anqi Zhang, Zhiqi Yao, Chun Sun, ...,

Danbi Kim, Xinyu Shen, Sung Heum Park

Correspondence

shenxinyu93@gmail.com (X.S.),

spark@pknu.ac.kr (S.H.P.)

In brief

Chemistry; Inorganic chemistry; Materials

science; Nanomaterials

Zhang et al., 2025, iScience 28, 114078

December 19, 2025 © 2025 The Authors. Published by Elsevier Inc.

https://doi.org/10.1016/j.isci.2025.114078 ll

mailto:shenxinyu93@gmail.com
mailto:spark@pknu.ac.kr
https://doi.org/10.1016/j.isci.2025.114078
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2025.114078&domain=pdf


iScience

Article

CsPbBr3 perovskite nanoplatelets 
capped with inorganic ligands 
for stable deep blue emission

Anqi Zhang,1 Zhiqi Yao,2 Chun Sun,3 Bo Ram Lee,4 Jiaxin Song,4 Zhengtong Wang,3 Ying Li,2 Fengwu Liu,2 Eunhye Yang,2

Danbi Kim,2 Xinyu Shen,5,* and Sung Heum Park2,6,*
1Key Laboratory of Low-dimensional Structural Physics and Application, Education Department of Guangxi Zhuang Autonomous Region, 

College of Physics and Electronic Information Engineering, Guilin University of Technology, Guilin 541004, P.R. China
2Department of Physics, Pukyong National University, Busan 48513, Republic of Korea
3State Key Laboratory of Reliability and Intelligence of Electrical Equipment and Tianjin Key Laboratory of Electronic Materialsand Devices, 

School of Electronics and Information Engineering, Hebei University of Technology, 5340 Xiping Road, Tianjin 300401, P.R. China
4School of Advanced Materials Science and Engineering, Sungkyunkwan University, Suwon 16419, Republic of Korea
5Clarendon Laboratory, Department of Physics, University of Oxford, Oxford OX1 3PU, UK
6Lead contact

*Correspondence: shenxinyu93@gmail.com (X.S.), spark@pknu.ac.kr (S.H.P.)

https://doi.org/10.1016/j.isci.2025.114078

SUMMARY

All-inorganic halide perovskite materials have attracted significant interest for display applications because 

of their narrow bandwidths and high photoluminescence quantum yields. However, the development of blue- 

light-emitting perovskite materials has been slower than that of green- and red-light-emitting perovskites. In 

this study, we successfully produced single-halide CsPbBr3 nanoplatelets with a quantum confinement ef

fect using ligand-assisted reprecipitation techniques. NaBr, an inorganic ligand with strong binding affinity 

(adsorption energy, − 2.13 eV) and low steric hindrance, was used to prevent the continued growth of nano

platelets. A series of experimental results demonstrate that CsPbBr3 nanoplatelets with a dense Na+ shell on 

the surface exhibit stable deep blue emission. UV chip-based light-emitting devices activated by these nano

platelets demonstrated remarkable spectral stability as the current injection increased. Moreover, the syn

thesis process is conducted under simple conditions at room temperature, demonstrating potential for batch 

production.

INTRODUCTION

In recent years, all-inorganic cesium lead halide (CsPbX3, X = I, 

Br, Cl) perovskite nanocrystals (NCs) have been extensively 

explored owing to their cost-effective synthesis, tunable bandg

aps, and high color purity.1,2 Although the CsPbX3 NCs have 

been considered as ‘‘defect-tolerant’’ nanomaterials compared 

with traditional metal chalcogenide NCs,3 the photolumines

cence (PL) quantum yields (PLQYs) of blue light-emitting 

CsPb(Cl/Br)3 NCs still lag far away from the near unity of the 

green light- and red light-emitting perovskite NCs due to the 

mid-gap traps caused by chlorine vacancies.4,5 The CsPb(Cl/ 

Br)3 NCs still suffer from seriously irreversible phase segregation 

into separate chlorine- and bromide-rich domains, even after the 

implementation of enhanced strategies such as post-treatment 

and divalent or trivalent cation doping,6,7 due to halide ion migra

tion with the impact of light or an electronic field, resulting in 

emission instability and limited applications.8,9 Consequently, 

the development of blue perovskite light-emitting device (LED) 

has not progressed at the same pace as that of green and red 

LEDs, particularly regarding color purity and stability.10,11

Although significant advancements have been achieved in the 

development of sky blue polymer LEDs within the wavelength 

range of 480–495 nm, these devices still do not meet the speci

fications for the blue primary color requirement (467 nm) as 

defined in the Rec. 2020 color space. Therefore, the research 

and development of deep blue perovskite with wavelength 

shorter than 470 nm holds significant importance.12,13 One of 

the recent strategies for enhancing device properties involves 

component engineering aimed at optimizing the emission char

acteristics of blue perovskite materials.14,15

In this circumstance, the two-dimensional (2D) single halide 

CsPbBr3 nanoplatelets (NPLs) with quantum confinement effect 

become an attractive candidate that protects the blue-emitting 

perovskite from halide segregation issues.16 The emission 

peak of CsPbBr3 NPLs can be tuned from 497 to 432 nm by ad

justing the Cs/Pb ratio in the precursor synthesized through a 

reprecipitation method at room temperature.17 The ligand-assis

ted reprecipitation (LARP) method has been extensively em

ployed for the synthesis of perovskite NCs.18–20 As we all 

know, abundant surface defects will be left with the desorption 

of ligands during the synthesis and purification processes, which 
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do harm to the PLQY of perovskite materials, especially for NPLs 

with 2D structures.21–23 Surface engineering to passivate de

fects can be realized by the introduction of organic capping mol

ecules or inorganic ligands.24,25 For example, CsPbBr3 NPLs are 

post-treated with oleylammonium fluoride salt, potassium bro

mide, zinc bromide, 2-butynoic acid, etc. By forming Pb–F 

bonds, K–Br bonds, and Zn–Br bonds on the surface, the forma

tion of Br vacancies is inhibited.26–29 It is noteworthy that the 

cases mentioned primarily use long-chain ligands for synthesiz

ing NPLs. Replacing these with shorter-chain ligands during syn

thesis can significantly improve the carrier transport efficiency of 

NPLs.30 However, short chains fail to offer adequate stabiliza

tion, leading to inadequate colloidal stability and low PLQYs.31,32

Herein, we synthesized blue-emitting CsPbBr3 NPLs with inor

ganic ligands (NaBr) and short organic ligands (myristic acid 

and n-butylamine) capped using LARP. Compared with the hot 

injection method, which requires high temperature and an inert 

gas atmosphere,33 the LARP method can be performed at 

room temperature under ambient air, significantly reducing pro

duction costs and complexity. Subsequently, density functional 

calculations revealed that the inorganic ligand (NaBr) has a 

greater binding affinity to the NPL surface than the organic 

ligand. Inorganic ligands effectively bind to the NPL surface, 

controlling the NPL growth kinetics; meanwhile, the surface de

Figure 1. Synthesis of CsPbBr3 nanoplate

lets and its first-principles calculations 

(A) Schematic diagram illustrating the synthesis of 

CsPbBr3 nanoplatelets. 

(B and C) (B) Theoretical model for protonated 

n-butylamine and (C) Na+ adsorbed on the surface 

of CsPbBr3 NPLs. The Br atoms are the preferred 

adsorption sites for Na+ and protonated n-butyl

amine.

fects of the NPLs are passivated in the 

Br-rich environment. The CsPbBr3 NPLs 

capped with an inorganic ligand dis

played stable deep blue PL emission at 

460 nm.

RESULTS AND DISCUSSION

Synthesis and characterization of 

CsPbBr3 NPLs

CsPbBr3 NPLs were synthesized using a 

modified LARP method, as shown in 

Figure 1. Appropriate amounts of CsBr, 

PbBr2, and the inorganic ligand NaBr 

were dissolved in N,N-dimethylforma

mide (DMF) to form a clear transparent 

precursor solution.34 The precursor solu

tion was then injected swiftly into toluene 

containing the short organic ligands, myr

istic acid and n-butylamine, with vigorous 

stirring at room temperature. After 

completion of the reaction, processes 

such as centrifugal purification are car

ried out. The specific details are presented in the experimental 

section. To investigate the interaction of NaBr with the 

CsPbBr3 NPLs, we calculated the adsorption energy of Na+ 

and C4H11N on CsPbBr3 NPL surface (Figure S1) using density 

functional theory (DFT) calculations (Figures 1B and 1C). The 

Na+-capped CsPbBr3 NPL surface shows a larger adsorption 

energy (Eads − 2.13 eV) than that of the protonated n-butyl

amine-capped surface (− 1.43 eV), indicating a stronger binding 

affinity between Na+ ions and the perovskite surface, which is 

beneficial to stabilize the NPL surface.35 Additionally, both Cs 

and Br vacancy defects can be passivated in the NaBr-rich envi

ronment, giving rise to a boosted radiative recombination of the 

CsPbBr3 NPLs.

Transmission microscopy (TEM) and high-resolution TEM 

(HRTEM) images of the NaBr-capped CsPbBr3 NPLs are shown 

in Figure 2A and the inset, respectively. The corresponding 

HRTEM image shows high crystallinity with a lattice distance of 

0.2984 nm, corresponding to the (200) crystal planes of 

CsPbBr3. As shown in Figure S2, the NaBr-capped NPLs have 

a thickness of 3.55 nm. TEM of CsPbBr3 samples without NaBr 

coating revealed a nanocube morphology with increased thick

ness (Figure S3). The crystal structure of the NPLs was verified 

using X-ray diffraction (XRD) (Figure 2B). The diffraction peaks 

at 15.1◦ and 30.4◦ of both CsPbBr3 NPLs with and without 
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NaBr are matched well with the (100) and (200) planes of the 

standard cubic perovskite structure (ICSD 29073), demon

strating that the introduction of Na did not change the crystal 

structure of CsPbBr3 NPLs and the Na+ ions did not occupy 

any place in the lattice.36 Besides, the diffraction peak intensity 

was enhanced by adding NaBr, which is a clear evidence of 

the optimization of grain crystallinity.37 In addition, the XRD 

peak at approximately 21.4◦, corresponding to the (110) plane 

of CsPbBr3 NPLs, has nearly disappeared. This phenomenon 

is attributed to preferential growth along the (110) direction dur

ing the initial stage of crystal formation, which is consistent with 

findings reported in the literature.38,39 X-ray photoelectron spec

troscopy (XPS) was then conducted to investigate the chemical 

environments of the pristine and CsPbBr3 NPLs with NaBr 

(Figure 2C). The characteristic peaks of Cs 3d, Pb 4f, and Br 

3d with NaBr shifted to higher binding energies compared to 

those of the samples without NaBr, suggesting a more stable 

crystal structure (enlarged version in Figures 2D, 2E, and 2F).40

Moreover, the ratio of Br/Pb increased from 2.61 for samples 

without NaBr to 2.65 for those with NaBr, indicating that Br spe

cies in NaBr are incorporated on the NPL surface to reduce the 

defect sites. In addition, the high-resolution XPS spectrum 

shows an obvious signal of Na+ ion in the CsPbBr3 NPLs with 

NaBr, indicating that Na+ ions are present on the surface of the 

CsPbBr3 NPLs (Figure 2G). As can be observed from the 23Na 

nuclear magnetic resonance (NMR) spectra of NaBr and NaBr- 

PbBr2 in a deuterated DMSO solution (Figure S4), the signal of 

Na+ from NaBr shifts to the high field after incorporation of 

PbBr2. This shift clearly demonstrates the interaction between 

Na+ and (PbBrx)
(x− 2)− , which confirms the strong binding affinity 

Figure 2. TEM, XRD, and XPS characterization 

(A) TEM images of CsPbBr3 NPLs (the inset shows the HRTEM images). Scale bar, 50 nm. 

(B) XRD patterns of the samples without and with NaBr. 

(C–G) (C) XPS spectra of CsPbBr3 NPLs; (D–F) XPS spectra of the samples for Cs 3d, Pb 4f, and Br 3d elements; (G) XPS spectrum of the samples with NaBr for Na 

1s element.
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of Na+ ions to the NPLs. Meanwhile, the low steric hindrance of 

the small Na+ ion (1.02 Å) facilitates it to cap on the surface of 

NPLs densely and form a ligand shell, which will limit the self-as

sembly between different NPLs and improve the storing stability 

in the solution. Based on the above results, not only does NaBr 

play the role of an inorganic surface ligand that caps the surface 

of CsPbBr3 NPLs and forms an outer shell but also the Br-poor 

environment improves with the incorporation of NaBr.

Optical properties of CsPbBr3 NPLs

To optimize the enhancement of PL with NaBr, various amounts 

of NaBr (8, 10, 12, and 14 mg) were added to the precursor, and 

the corresponding PL spectra are shown in Figure 3A. As the 

amount of NaBr was increased from 8 to 10 mg, the PL intensity 

increased. However, the PL intensity decreased with further in

crements in NaBr additions. The PLQY values exhibited a similar 

trend, with samples containing 10 mg of NaBr demonstrating the 

highest PLQY compared to the other samples (Figure S5), sug

gesting that the samples with 10 mg NaBr possess a lower sur

face trap density and less non-radiative recombination. The 

observed decrease in PL intensity and PLQY when the amount 

of NaBr exceeds 10 mg in the precursor can be attributed to 

the higher surface density of the capping ligands, which hin

dered the activation of the NPLs. This reduced the surface 

accessibility of the precursor and resulted in a lower growth 

rate. Consequently, the emission intensities weakened.41 It is 

worth noting that the NaBr content should be carefully 

controlled, neither excessive nor insufficient. When the NaBr 

content exceeded 60 mg, an obvious redshift in the emission 

peak was observed (Figure S6). This can be explained by the 

strong interaction between NaBr and PbBr2, which caused the 

leaching of PbBr2 from the NPLs and initiated a diffusion-recrys

tallization process. As a result, the NPLs continued to grow and 

underwent phase transformation into NCs. This reduced the 

quantum confinement effect and caused a redshift in accor

dance with earlier investigations with excessive amine.42–44 On 

the other hand, when the NaBr content was as low as 6 mg, 

despite the initial appearance of a deep blue emission in the 

newly synthesized sample, continuous growth of NPLs occurred 

after 10 h and resulted in a redshift to green emission due to the 

absence of quantum confinement effect (Figure S7).

We adopted CsPbBr3 NPLs with 10 mg of NaBr as the modi

fied sample for further characterization. After modification with 

NaBr, the absorption and emission peaks of the pristine 

CsPbBr3 NPLs shifted from 427 to 460 nm to 457 to 480 nm, 

respectively (Figure 3B), which is attributed to the presence of 

Na shells that hinder the continuous growth of perovskites. 

This shift in the absorption and PL peaks is attributed to the suc

cessful synthesis of NPLs with reduced thickness, which in

duces deep blue luminescence through quantum confinement 

effects.17,26,45 The corresponding photographs of the CsPbBr3 

solution are presented in Figure S8. The use of KBr is compara

ble to that attained with NaBr, and the CsPbBr3 NPLs also exhibit 

emission of 460 nm (Figure S9). In general, the Urbach energy 

(EU) is used to evaluate the crystal disorder; in other words, fewer 

defects exhibit smaller EU.46 From the absorbance spectra 

plotted on the logarithmic scale in Figure 4A, EU was calculated 

by fitting the exponential part with the following equation:47

α(E) = α0 exp

[
E − E0

EU

]

; (Equation 1) 

Figure 3. PL and UV-visible absorption spectra 

(A) PL spectra of CsPbBr3 NPLs synthesized with different masses of NaBr (8, 10, 12, and 14 mg). 

(B) UV-visible absorption and PL spectra of the samples without and with NaBr.
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where α is the absorption coefficient, α0 and E0 are material con

stants, and E is the photon energy. In our case, the calculated EU 

of CsPbBr3 NPLs with NaBr is 38.68 MeV, which is smaller than 

that of the sample without NaBr (60.17 MeV), indicating that the 

CsPbBr3 NPLs prepared with NaBr possess a very low level of 

defect density.48 Time-resolved PL decay curves are shown in 

Figure 4B. The dependency of PL intensity on time will satisfy 

the single exponential form,

I(t) = Aexp

(

−
t

τ

)

+ c; (Equation 2) 

where I(t) is the observed PL intensity, A is the amplitude, and c is 

the constant. By fitting the two curves with single exponential 

function, the lifetimes of NaBr-modified (blue) and without 

NaBr (gray) samples were 19.13 and 18.09 ns, respectively. 

The larger lifetime in the sample with NaBr indicated the com

plete trap passivation.49 Table S2 summarizes the optical prop

erties of the samples both with and without NaBr, aiming to facil

itate a more intuitive comprehension of the impact of NaBr.

Femtosecond (fs) transient absorption spectroscopy (TAS) 

was employed to further investigate the exciton dynamics. The 

fs-TAS of CsPbBr3 samples with 0, 10, and 14 mg NaBr at 

1 μJ cm− 2 is shown in Figures 5A, 5B, and 5C. Initially, for the 

pristine samples without NaBr, two ground-state bleaching 

peaks are observed at 375 and 445 nm (Figure 5A), which corre

spond to the different n values of the complex phase distribution. 

Remarkably, a bleaching peak arises at 375 nm within 0.1 ps, 

revealing that excitons are mainly generated at low n value. In 

contrast, for CsPbBr3 NPLs synthesized with 10 and 14 mg of 

NaBr, a single bleaching peak is clearly detected, with no impu

rity signals present throughout the whole delay time range 

(Figures 5B and 5C). These results provide evidence that the in

clusion of NaBr enhances the formation of large n phases, while 

effectively suppressing the creation of small n phases that 

adversely affect exciton radiative recombination.50 The homoge

neous phase distribution enhances both energy transfer and car

rier radiation recombination. Moreover, at the same delay time, 

the negative peak intensities of CsPbBr3 NPLs with 10 mg 

NaBr (Figure 5B) were largely reduced compared with CsPbBr3 

NPLs with 14 mg NaBr (Figure 5C), agreeing well with the PL in

tensity quenching results. The results indicate that 10 mg NaBr- 

added CsPbBr3 NPLs possess higher exciton radiation effi

ciency than the NPLs, agreeing well with the PL intensity 

quenching results (Figure 3).

Furthermore, the thermal stability of the NPLs was assessed 

by heating the NPL solution in a hot plate to 80◦C (Figure 6A). 

The emission position exhibited negligible degradation below 

3 nm, and the full width at half maximum (FWHM) increased 

slightly by 9 nm. The corresponding PL spectra are shown in 

Figure S10A. In contrast, the samples without NaBr exhibited a 

shift in both emission position and FWHM of up to 16 and 

25 nm, respectively, showing highly unstable properties during 

the heating process (Figures S10B and S11). After exposure to 

air for 0, 48, 120, and 240 h (Figure 6B), the NPL solution ex

hibited minimal alterations in the emission position and FWHM. 

In contrast, the CsPbBr3 samples without NaBr exhibited a large 

shift in both emission position and FWHM after 48 h (Figure S11). 

The sample exhibited persistent blue emission even under heat

ing or exposure to air, indicating the ability of the Na+ ligand shell 

and Br-rich environment to impede coalescence between indi

vidual NPLs and reduce the number of defect sites, thereby 

demonstrating colloidal stability.

To explore their application potential, a blue-LED device was 

fabricated using the as-prepared CsPbBr3 NPLs as blue-emit

ting materials. Polymethyl methacrylate was added to a toluene 

solution of blue CsPbBr3 NPLs, and then the mixture was depos

ited on 365-nm UV-LED chips, as shown in the diagram in the 

inset of Figure 7A. The electroluminescence (EL) spectra of the 

fabricated blue-LED is presented under bias currents of 5, 10, 

Figure 4. Optical analysis of CsPbBr3 NPLs 

(A) Urbach energy diagram. 

(B) Time-resolved PL decay curves of CsPbBr3 NPLs with and without inorganic ligand NaBr.
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15, 20, 25, 30, 40, and 50 mA (Figure 7A). The Commission Inter

nationale de l’Eclairage (CIE) coordinates were (0.1289, 0.0887) 

(Figure 7B), indicating a standard blue light emission. No notable 

changes occurred in the spectral shape, peak position, or CIE 

when the driving current was increased up to 50 mA, implying 

good current-driven stability of the EL emission. And the EL in

tensity only shows a slight decrease after working for 10 h 

(Figure S12), which indicates a good stability of the constructed 

blue-LED.

In summary, highly efficient and stable inorganic ligand-cap

ped CsPbBr3 NPLs were prepared using a modified LARP 

method. The inorganic ligand, NaBr, and short-carbon-chain li

gands can effectively regulate the crystal growth and passivate 

surface defects. We calculated the strong adsorption energy 

(Eads − 2.13 eV) between Na+ ions and the NPL surface by 

DFT calculation and confirmed the interaction between Na+ 

and (PbBrx)
(x− 2)− using 23Na NMR. The strong binding affinity re

sulted in a tight Na shell on the NPL surface that achieved a 

quantum confinement effect. Successful synthesis of the NPLs 

was demonstrated using XRD, TEM, and XPS. The XPS results 

further confirmed that the addition of NaBr increased the stability 

of the crystal structure. By calculating the Urbach energy, it was 

found that the crystal disorder was reduced after the addition of 

NaBr, which further illustrates the control of NaBr in NPL growth. 

In summary, inorganic ligands can effectively control the synthe

sis of blue-emitting NPLs with potential applications in the field of 

blue-LEDs.

Limitations of the study

In this study, we synthesized a stable inorganic ligand-capped 

CsPbBr3 NPL using a modified LARP method. Due to constraints 

imposed by our current laboratory conditions, we are temporarily 

Figure 5. Fs-TA absorption spectra 

(A) fs-TA absorption spectra of CsPbBr3 without NaBr at different delay times. 

(B) fs-TA absorption spectra of CsPbBr3 with 10 mg NaBr at different delay times. 

(C) fs-TA absorption spectra of CsPbBr3 with 14 mg NaBr at different delay times.

Figure 6. Stability characterization 

(A) Thermal stability: FWHM and emission position after heating at different temperatures (20◦C, 40◦C, 60◦C, and 80◦C) for 15 min. 

(B) Time stability: FWHM and emission position with different storage times (0, 48, 120, and 240 h) in air and room temperature.
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unable to measure specific efficiency parameters associated 

with these LED devices. We remain committed to optimizing 

experimental conditions and strive to deliver more comprehen

sive and accurate data in future studies.
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

There are no experimental models (animals, human subjects, plants, microbe strains, cell lines, primary cell cultures) used in the 

study.

METHOD DETAILS

Synthesis of CsPbBr3 nanoplateletes

CsPbBr3 NPLs were synthesized using a modified LARP method. CsBr (11.9 mg), NaBr (0, 6, 8, 10, 12, 14, 40, 60, 80 mg) and PbBr2 

(293.6 mg) were dissolved in DMF (8 ml) to form a clear transparent precursor solution. 1 ml of precursor solution was injected swiftly 

into 10 ml of toluene containing 60 mg myristic acid and 60 ul n-butylamine at room temperature with vigorous stirring for 8 min. After 

completion of the reaction, adding 11 ml of methyl acetate and 30 ul n-octylamine into the crude solution and centrifuging at 8000 rpm 

(relative centrifugal force 6797 g) for 3 min, the precipitates were collected and dispersed in toluene. The toluene solution was centri

fuged at 6000 rpm (relative centrifugal force 3824 g) for 1 min, the supernatant was collected and filtered.

Characterization techniques

The X-ray diffraction (XRD) patterns were obtained by PANalytical (X’Pert3-Powder) X-Ray Diffractometer. The photoluminescence 

and absorption spectra were detected on a Horiba (Fluorolog-QM) Photo/Fluorescence luminescence spectrometer system and 

JASCO (V-670) UV-Vis/NIR Spectrometer, respectively. Transmission electron microscopy (TEM) was carried out on a JEOL 

(JEM-F200) Field Emission Transmission Electron Microscope with a Cu grid. X-ray photoelectron spectroscopy (XPS) spectra 

were performed using KRATOS Analytical Ltd. (AXIS SUPRA) X-ray Photoelectron Spectrometer [Angle Resolved]. The femtosecond 

transient absorption spectroscopy (TAS) were obtained by sapphire laser system from Coherent (800 nm, 35 fs, 6 mJ/pulse, and 

1 kHz repetition rate);TOPAS Optical Parametric Amplifier (OPA).

LED fabrication

Unpackging UV LED chip (SP3-S6PD-1) with the peak emission wavelength centered at 365 nm and electrical power of 200–300 mW 

was used for the fabrication of LED, which is purchased form Skybright Inc. 100 μL of CsPbBr3 toluene solution (1 mL, 0.5 mg/mL) 

was added to 100 μL of a 20% PMMA-toluene solution. The mixed solution was agitated for 5 minutes. The mixture was treated by the 

ultrasonic wave for 30 min and shaken for 10 min. Then, the mixture was coated onto the UV LED chip. Finally, this chip was dried 

under vacuum for 1 h.

First principles calculations

We have employed the Vienna Ab Initio Package (VASP) to perform all spin-density functional theory (DFT) calculations within the 

generalized gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) formulation. We have chosen the projected 

augmented wave (PAW) potentials to describe the ionic cores and take valence electrons into account using a plane wave basis 

REAGENT or RESOURCE SOURCE IDENTIFIER

N,N-dimethylformamide Sigma-Aldrich CAS: 68-12-2

CsBr Sigma-Aldrich CAS: 7787-69-1

NaBr Sigma-Aldrich CAS: 7647-15-6

PbBr2 Sigma-Aldrich CAS: 10031-22-8

n-butylamine Sigma-Aldrich CAS: 109-73-9

n-octylamine Sigma-Aldrich CAS: 111-86-4

Methyl acetate Sigma-Aldrich CAS: 79-20-9

myristic acid Sigma-Aldrich CAS: 544-63-8

n-Hexane Sigma-Aldrich CAS: 110-54-3

toluene Sigma-Aldrich CAS: 108-88-3

Poly(methyl methacrylate) (PMMA) Sigma-Aldrich CAS: 9011-14-7
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set with a kinetic energy cutoff of 450 eV. The perovskite CsPbBr3 NPLs were modeled with 2 × 1 supercells, and the (100) surface 

was investigated in this work. Partial occupancies of the Kohn− Sham orbitals were allowed using the Gaussian smearing method 

and a width of 0.05 eV. The electronic energy was considered self-consistent when the energy change was smaller than 10-5 eV. 

A geometry optimization was considered convergent when the energy change was smaller than 0.02 eV Å-1. A 6×6×2 k-point 

grid in the Brillouin zone was used for k-point sampling.

QUANTIFICATION AND STATISTICAL ANALYSIS

No methods were used to determine whether the data met the assumptions of the statistical approach.
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